Relatively little is known about the effects of estrogen on postischemic cerebral vasomotor dynamics after ischemic injury. Emerging hypotheses suggest that the timing after menopause at which hormone replacement is initiated might be important and might modulate the potential benefits of estrogen on brain rescue once a cerebral ischemic event occurs. Therefore, we sought to determine if protracted hypoestrogenicity modifies estrogen's protective effects on postischemic pial artery dilatory dysfunction and if the arachidonic acid metabolite 20-hydroxyeicosatetraeonic (20-HETE) contributes to the dysfunction. Pial artery dilation to acetylcholine was examined before and 1 hour after 15 minutes forebrain ischemia. The rat study groups included: sexually mature males (M), naïve (N), OVX (OV), estrogen-treated OVX females (E1; estrogen started 1 week post ovariectomy) and delayed estrogen-treated (E10; started 10 weeks post ovariectomy) females. Postischemic responses were assessed before and after superfusion of the 20-HETE synthesis inhibitor N-hydroxy-N'-(4-butyl-2-methylphenyl)-formamidine (HET0016). Postischemic acetylcholine dilation was depressed in M, OV and E10 compared to N and E1 rats. Compared to E1, delayed estrogen replacement worsened acetylcholine-induced dilation. Postischemic microvascular estrogen receptor alpha (ERα) density was similar in the OV, E1 and E10 rats. Postischemic application of HET0016 failed to improve acetylcholine dilation. Continuous infusion of HET0016 during and after ischemia did not reverse postischemic pial vasodilatory dysfunction. Timing of estrogen replacement may be critical for vascular health after cerebral ischemic injury. Postischemic loss of acetylcholine reactivity does not appear to involve mechanisms related to 20-HETE synthesis or microvascular ERα expression.
INTRODUCTION
Numerous animal models of acute stroke injury demonstrate the protective effects of estrogen, yet data from the Women's Health Initiative (WHI) and others have led to questions regarding the benefit of chronic hormone replacement therapy [1] [2] [3] . One limitation in translating the findings from animal models to clinical applications is that the end-points of the studies and treatment regimens differ. Clinical studies such as the WHI examined stroke incidence, but did not address the neuroprotective or beneficial vascular effects of estrogen demonstrated in acute stroke models. Further, clear effects of estrogen on cerebral vascular recovery after ischemic insult have not been established. Our previous studies indicate that early estrogen repletion is vasoprotective in the postischemic pial arterial bed and it protects both vasodilatory [4] and vasoconstrictive [5] function in these vessels. Such vasomotor dysfunction may reflect loss of pial arteriolar ability to adjust nutrient blood flow to downstream penetrating arterioles and subsequent perfusion of underlying neurons [6] . How pial artery vasomotor dysregulation impacts ischemic brain injury recovery remains undetermined, but impaired postischemic pial dilatory capac-ity may intensify neuronal injury by disruption of neurovascular coupling.
Recent data in rodent focal stroke models indicate that chronic estrogen replacement can reduce infarct volume [7, 8] and synthesis of proinflammatory cytokines [8, 9] , but this effect diminishes after a period of prolonged estrogen deprivation. These studies suggest that commencing hormone replacement after a protracted period of hypoestrogenicity might negatively impact brain rescue once a cerebral ischemic event occurs. The effects of delayed estrogen replacement on pial arteriole dilatory capacity after ischemic injury have not been well investigated.
Estrogen has been demonstrated to modulate vessel function via regulation of nitric oxide production [10] and estrogen increases endothelial nitric oxide synthase (eNOS) expression in cerebral blood vessels [11, 12] . Data indicate that the arachidonic acid metabolite 20-hydroxyeicosatetraenoic acid (20-HETE) may uncouple endothelial nitric oxide (NO) synthase (eNOS) and contribute to endothelial dysfunction [13] . 20-HETE constricts cerebral vessels and accumulating evidence suggests that 20-HETE might worsen reperfusion deficits [14, 15] , possibly by augmenting reactive oxygen species production [16] and depression of pial artery capacity to respond to vasodilators [17, 18] . Produced by cytochrome P450 (CYP) 4A [19] , 20-HETE increases after stroke [16, 20] . Because NO can inhibit CYP production of 20-HETE [17] , estrogen might modulate cerebrovascular reactivity to an NO and endothelial-dependent dilators such as acetylcholine (Ach) via repression of 20-HETE following ischemia. Estrogen could thereby maintain a higher basal level of NO production, greater coupling of eNOS and reduce endothelial dysfunction.
In the present study we first sought to determine if estrogen replacement after protracted hypoestrogenicity attenuates pial arteriole dilatory dysfunction to Ach after ischemia and reperfusion in a manner similar to that observed with early estrogen replacement post-ovariectomy [4] . Secondly, we investigated the possibility that delayed estrogen replacement alters estrogen receptor protein expression in the cerebral microvasculature. Next, we determined if postischemic application of the 20-HETE synthesis inhibitor N-hydroxy-N'-(4-butyl-2-methylphenyl)-formamidine (HET0016) improves Ach reactivity in low estrogen states. Finally, we determined if continuous application of HET0016 throughout ischemia and early reperfusion preserves Ach reactivity during hypoestrogenicity.
MATERIALS AND METHODS
All study protocols were approved by the Johns Hopkins University Animal Care and Use Committee. Sexually mature Fisher 344 rats (Harlan, Indianapolis, IN) were used. In the first experiment with postischemic application of HET0016, five groups (n = 6) were studied: males (M), naïve females (N) ovariectomized females (OV), females with estrogen replacement started one week (E1) or ten weeks (E10) after ovariectomy was performed. We employed the ten-week delay in estrogen treatment after ovariectomy to model the effects of estrogen treatment after a protracted time of hormone depletion. This ten-week delay was demonstrated to reverse estrogen's protective effects on brain injury and cytokine production in the mouse model of stroke [8] . In addition, postischemic brains were harvested from the OV, E1 and E10 for cortical microvessel isolation and determination of estrogen receptor (ERα) density and eNOS. In another experiment with pre-, intra-, and postischemic HET0016 application, a group of OV rats were used. Finally, an additional group of naïve female rats were studied with HET0016 application and no ischemia. Slow-release pellets (21 day; Innovative Research of America, Sarasota, FL) of 17β-estradiol (E2; 0.05 mg) were used for estrogen replacement. This method produces stable physiologic estrogen levels between 7 and 21 days after implantation [5] . Terminal blood samples were collected for radioimmunoassay (Coat-a-Count; DPC, Los Angeles CA) measurement of estrogen.
Transient Forebrain Ischemia
The four-vessel occlusion model was used to induce transient global ischemia as previously described [4] . One day after coagulation of the vertebral arteries, ischemia was induced for 15 min by occluding the carotid arteries and tightening the cervical ties (to reduce collateral blood flow from extra cranial sources). Reduction of cerebral blood flow was confirmed by pupillary dilation and by visualization of blood flow stasis in the cranial microvessels. At end-ischemia, the ties were released and blood flow was reestablished.
Pial Arteriole Diameter Measurement
Using the closed cranial window technique, pial arteriolar responses were determined via measurement of the inner diameter as previously described [11] . The intrawindow pressure was maintained at 5 -8 mmHg, and temperature was controlled with a warming lamp. In all groups anesthesia was maintained with isoflurane (1% -1.5%) throughout the experiments.
Pial arteriolar responses were visualized through the sealed cranial window using a microscope coupled to a computer video recording system (Molecular Devices Corporation; Sunnyvale, CA). For each rat, pial arteriolar responses were measured on 1 -2 main pial vessels and 1 -2 daughter branches (21 -50 μm). Vessel diameters were averaged for each rat (resolution, approximately 2 -3 μm) and were expressed as the percentage of the baseline diameter prior to infusion of each drug. We observed no differences in the magnitude of response to Ach when vessel diameters were between 20 μm and 60 μm; therefore, the percent change in diameter measurements on the daughter vessels was averaged with those of the parent vessel for analysis for each rat. The responses in approximately 12 vessels were analyzed for each group.
Experimental Protocols
After cranial window construction, the animals were recovered for 30 min before obtaining baseline pial arteriole diameter measurements. Ach (10 μmol/L) was infused (0.2 mL/min) into the window and allowed to dwell for 5 min. The vessel diameters were re-measured, and percent change in vessel diameter was calculated. Because we tested the response to Ach three times in each rat and also tested the response to the non-endothelium dependent dilator papaverine, time constraints prevented assessment of a full Ach dose-response curve in each animal. The submaximal dose of 10 μmol/L was chosen because the dilation to this dose was sufficiently large to statistically detect partial decrements in the response and we previously observed a robust protective effect on postischemic pial artery dilation to this concentration of Ach [4] . After determination of the preischemic response, the window was rinsed for 10 min with artificial cerebral spinal fluid, and ischemia was induced. The animals were allowed to reperfuse for 60 min, basal diameters were measured to establish a new postischemic baseline, and pial arteriolar responses to Ach were retested. After Ach washout, HET0016 (1 μmol/L; Cayman Chemicals, Ann Arbor, MI) was infused into the cranial window for 5 min and allowed to dwell in the window for an additional 20 min prior to measurement of vessel diameters to establish a new baseline under the influence of HET0016. Responses to Ach were repeated in the presence of HET0016 and expressed as the percent change based on the new baseline established in the influence of HET0016. This concentration of HET0016 blocks 20-HETE synthesis in isolated cerebral arteries [16] and cerebral arteriole constriction [21, 22] in a closed cranial window preparation, as well as inhibits 20-HETE dependent cerebrovascular responses [23] . After washing out the Ach, responses to 1 mmol/L papaverine were tested.
To determine if continuous inhibition of 20-HETE throughout ischemia and reperfusion can ameliorate or rescue the response to Ach; HET0016 was administered as a continuous infusion into the cranial window in an additional group of OV rats. We tested the effect of continuous infusion only in OV rats because of the prominent postischemic pial artery dysfunction associated with estrogen depletion. We first assessed the baseline response to Ach (10 μmol/L) and then infused a loading dose of HET0016 at 0.2 ml/min (1 μmol/L) for 10 minutes. The rate was subsequently decreased to a continuous infusion rate of 0.05 ml/min. The vessel response to Ach was reassessed in the presence of HET0016 and ischemia was then induced. The HET0016 infusion was maintained throughout ischemia and during the entire reperfusion period. At 60 minutes reperfusion, the response to Ach was re-tested.
Isolation of Cerebral Microvessels
Postischemic cortices from the OV, E1 and E10 groups (n = 5/group) were harvested and microvessels isolated to determine if there were differences in the density of ERα protein. Because data suggest that ERα is the receptor isoform that is predominately expressed in cerebral microvessel smooth muscle and endothelium [24, 25] , we examined ERα rather than ERβ. Microvessels were isolated according to the method of Silbergeld and AliOsma [26] . Briefly, the animals were sacrificed with an overdose of isoflurane, the thoracic cavity was opened, and the heart was perfused with ice-cold saline to remove red blood cells. The brain was harvested, and the cortex was separated from the rest of the brain. Cortices were minced with a scalpel, suspended in 12 mL of ice-cold minimal essential medium (MEM, Gibco Laboratories, Grand Island, NY), and then homogenized at low speed for 40 seconds. The homogenate was centrifuged at 250 g for 10 minutes at 4˚C. The supernatant was discarded; the pellet was resuspended in 25% dextran (molecular weight, 100,000 -200,000 Daltons; Sigma-Aldrich Company, St. Louis, MO) in MEM, and centrifuged at 2000 g for 20 minutes at 4˚C. After discarding the supernatant, the pellet was resuspended in MEM and run three times through a nylon mesh sieve (60 µm). The microvessel fraction, which contained small arterioles, venules, and capillaries trapped on the mesh, was collected and stored at -80˚C. A small aliquot of the microvessels was evaluated using light microscopy to confirm the purity of the preparation.
Western Blots
To determine the levels of ERα protein expression, the microvessel samples were thawed and suspended in an ice-cold RIPA buffer (Sigma-Aldrich) and one minipellet of protease inhibitors (Roche Applied Science, Indianapolis, IN) for every 10 mL of buffer. After homogenization, the sample was centrifuged (12,000 g; 20 minutes; 4˚C) and the supernatant was collected for determination of total protein concentration using the Bradford method. For each sample, 2 μg of microvessel protein was loaded and separated on NuPAGE Novex 4% -12% Bis-Tris Gel (Invitrogen, Carlsbad, CA). After electrophoresis separation, proteins were transferred to a nitrocellulose membrane (Invitrogen) and the membrane was incubated (20˚C) with blocking buffer (5% nonfat dry milk; 0.1% Tween; 1% BSA). The membrane was then incubated overnight (4˚C) with either monoclonal mouse anti-ERα (C311) (Santa Cruz biotechnology Inc.: Santa Cruz, CA; 1:150 dilution in blocking buffer) or monoclonal mouse anti-actin antibodies that recognize the C-terminal of all isoforms (Sigma;
We tested the purity of our microvessel preparation by comparing the expression of the endothelial marker von Willebrand factor in the cortical microvessel fraction to expression in the remaining cortical tissue. Human endothelial cell lysate and expression in aorta were used as positive controls. A polyclonal rabbit anti-human Von Willebrand Factor (1:200), (Dako, Carpentaria, CA 93013, USA) was used as the primary antibody and goat anti-rabbit IgG (H + L)-HRP Conjugate (1:10,000: BioRad Laboratories, Hercules, CA94547, USA) as the secondary antibody. Actin was used as a protein loading control.
Data Analyses
All data are reported as mean ± SD. Physiologic parameters and vessel diameters were evaluated using oneway or two-way analysis of variance or a student's t-test as appropriate. In the case of a significant F-value, Neuman-Keuls post-hoc tests for multiple comparisons (Sigma Stat 12) were performed to isolate the differences. A p-value ≤ 0.05 was considered significant.
RESULTS

Physiologic Parameters
Pre-and postischemic physiologic variables were similar among the groups as shown in Table 1 . In N rats, preischemic mean arterial blood pressure (MABP) was within normal ranges, but slightly higher compared to postischemic levels. In these studies, the estrogen replacement regimens resulted in mean plasma estrogen levels of 13.2 ± 7.5 pg/mL (E1-15.6 ± 6 pg/mL; E10-10.3 ± 9.4 pg/mL) as compared to levels of 0.7 ± 1.5 pg/mL in the OV group. These physiologically relevant levels are consistent with those reported in the literature for naïve rats (range 5 -20 pg/mL) [27] .
Effects of Delayed Estrogen Treatment
The diameter of pial arterioles before and after ischemia was similar in all groups prior to HET0016 treatment (Figure 1) . Preischemic Ach-evoked responses were comparable among all of the female groups. In contrast, in males preischemic dilation to Ach was less (p < 0.027) compared to naive females, but not significantly different from the other female groups (Figure 2) . As expected, pial arteriole dilation to Ach was depressed during early reperfusion in all groups. However, we observed that the naïve female rats (20.5% ± 1.3%) or the rats who received estrogen early estrogen replacement (20.7% ± 1.3%) demonstrated a more robust Ach-induced pial arterial vasodilation in the postischemic period compared to males (3.0% ± 0.8%) or females with a 10 week delay in estrogen replacement (4.6 ± 0.9 vs. 3.0% ± 0.8%) as shown in Figure 2. 
Effects of Delayed Estrogen Treatment on Cerebral Microvascular ERα and eNOS
Because subsequent estrogen replacement after prolonged hypoestrogenicity reversed the hormone's protective effect on postischemic pial arteriolar dilatory capacity, we examined postischemic microvascular ERα expression in OV, E1 and E10 (5/group) rats. ERα protein expression was similar in all rats irrespective of hormone status or timing of estrogen replacement (Figure 3) .
Postischemic Effects of HET0016
Compared to the initial postischemic pial arterial diame- ters intrawindow application of HET0016 modestly dilated the vessels in all groups as shown in Figure 4 (range 5.9% -12.6% increase). We then determined if estrogen status altered the pial arteriole postischemic vasodilatory response to Ach when 20-HETE was inhibited by HET0016 (Figure 5) . When the percent pial artery dilation to Ach + HET0016 were compared among groups we found a greater vasodilatory response to Ach in the N (10.1 ± 1.5) and E1 (10.0 ± 1.1) versus the OV (6.8 ± 0.5), E10 (4.8 ± 1.3) and M (4.0 ± 0.5) rats (Figure 5) . Although, dilatation to Ach + HET0016 was similar between the M and E10 groups, responses were sig- nificantly greater in the OV group compared to the M and E10 group (p < 0.001) as shown in Figure 5 .
In order to assure that differences in postischemic pial arteriolar responses to Ach + HET0016 were not affected by time or cranial window failure, we tested pial artery to the non-endothelium dependent vasodilator, papaverine, after we tested earlier postischemic vasodilatory responses. Superfusion of 1 mmol/L of papaverine at the end of the experiment elicited similar dilation in all groups (Figure 6) .
Because of the marked postischemic depression of Ach reactivity in estrogen-depleted rats, we tested if inhibition 20-HETE synthesis with HET0016 throughout ischemia and reperfusion would preserve vascular function in OV rats. However, postischemic Ach reactivity remained depressed after continuous superfusion of HET0016 started before ischemia (Figure 7) .
DISCUSSION
This study presents new information demonstrating that extended hypoestrogenicity, prior to initiating estrogen replacement therapy, reverses the protective effect of early institution of estrogen treatment after ovariectomy on postischemic pial arteriolar dilation to Ach. This effect is not caused by decreased postischemic microvascular ERα expression when estrogen repletion is delayed. In contrast to our hypothesis, topical application of the 20-HETE synthesis inhibitor HET0016 after 1 h of reperfusion or throughout ischemia and reperfusion failed to preserve postischemic Ach reactivity in hypoestrogen states or after delayed estrogen replacement.
Timely estrogen replacement after ovariectomy improves postischemic cerebral microvascular dilatory dysfunction in rat pial arteries [4, 11] . Our present data confirm and extend these earlier findings. We demonstrate that the efficacy of estrogen in restoring postischemic pial arteriolar sensitivity to Ach-stimulated vasodilation depends on the time when hormone replace- ment begins. Other evidence also suggests a differential effect between early and delayed estrogen replacement in healthy and injured brain [7, 8, 28] . In normal brain estrogen replacement after prolonged hypoestrogenicity fails to increase hippocampal choline acetyltransferase protein in middle-aged rats [28] otherwise seen with early estrogen replacement. Furthermore, extended estrogen deprivation with subsequent hormone replacement reduces estrogen's neuroprotection after focal stroke in young [8] and reproductively senescent rodents [7] . Early estrogen replacement prevents brain accumulation of such proinflammatory markers as monocyte chemoattractant protein-1 and interleukin-6 after focal stroke, whereas estrogen replacement after a 10-week delay was ineffective [8] . Others have also demonstrated that delayed estrogen replacement increases gene expression of proinflammatory mediators at tumor necrosis factor alpha and of iNOS [9] . Thus, our data extend previous work in brain by demonstrating loss of estrogen efficacy on the brain's vascular responses after ischemic injury.
In aortic rings from healthy rats, estrogen replacement after 8 months of estrogen-deprivation resulted in lost sensitivity to Ach-evoked dilation, while estrogen replacement after 1 or 4 month deprivation restored sensitivity [29] . We found no published reports of the effects of delayed estrogen replacement on the intact normal or postischemic pial vasculature. Our data from rats subjected to 10-week estrogen deprivation followed by estrogen replacement show no apparent effect on healthy pial vessel dilatory reactivity prior to ischemic injury. This lack of effect is consistent with the study in isolated rat aorta [29] . In healthy blood vessels, estrogen replacement after a 1 -4 month hypoestrogenic period may augment eNOS expression sufficiently to maintain normal coupling with muscarinic receptor activation, but insufficiently to maintain coupling after ischemia [29] . In pial arteries, as in other vessels such as aorta, Ach evokes vasodilation via NO and estrogen promotes NO synthesis by its actions on eNOS [30, 31] . We and others have shown that estrogen replacement within 1 week of OVX increases eNOS expression in isolated cerebral microvessels [11, 12] . Estrogen-induced augmentation of eNOS immunoreactivity persists for at least 2 h of reperfusion after global ischemic injury [11] and may preserve pial artery dilatory capacity during early reperfusion. The cerebral microvascular endothelium is damaged after ischemia [32] and estrogen may ameliorate postischemic endothelial damage and preserve the ability of eNOS to remain coupled to muscarinic receptor activation. Data suggest that estrogen may be important for endothelial health because 6 months of estrogen depletion increases endothelial TUNEL-positive cells, whereas estrogen replacement early post-ovariectomy markedly reduces this effect in non-cerebral arteries [33] . In cerebral microvessels chronic eNOS reduction resulting from protracted estrogen deprivation may give rise to an endothelium that is more susceptible to ischemia-induced injury such that restoration of normal estrogen levels may be unable to reverse a long-term functional deficit.
We reasoned that the lack of effect of delayed estrogen treatment on postischemic dilatory capacity may be caused by decreased number of available receptors. However, our data do not support this hypothesis since we could find no difference in ERα protein expression in OV, E1 or E10 rats. It is possible that functional estrogen receptors are altered by estrogen depletion or by ischemia, resulting receptors that are less responsive to signaling. Alternatively, the possibility also exits that ERβ and not ERα are altered by long-term estrogen depletion. Further studies are warranted to determine precisely why delayed estrogen treatment is ineffective in protecting pial artery postischemic vasodilator capacity.
Current data suggest that 20-HETE negatively impacts cerebral vascular recovery after ischemic events [34] . However, the effects of 20-HETE on postischemic dilatory capacity are poorly understood. 20-HETE is capable of interfering with the calcium ionophore-induced association of HSP90 with eNOS, thereby increasing superoxide production and decreasing NO production [13] . In isolated cerebral arteries from spontaneously hypertensive stroke-prone rats, HET0016 was found to decrease basal superoxide production, increase Ach-induced relaxation [16] and to reduce markers of oxidative stress [35] . Because estrogen has antioxidant effects and is known to increase cerebral microvascular eNOS expression [11, 12] it is possible that estrogen status may modulate postischemic 20-HETE effects on the cerebral vasculature after ischemic injury.
In the current study, we investigated the possibility that inhibition of 20-HETE production diminishes the loss of sensitivity to the NO-dependent vasodilator Ach early during postischemic reperfusion. We found that neither pretreatment combined with post-treatment nor post-treatment alone with HET0016 reversed postischemic pial artery dilatory dysfunction during early reperfusion. Because 20-HETE synthesis by CYP can be inhibited by NO [17] , derived from neurons during ischemia and early reperfusion may have been sufficient to inhibit excess 20-HETE synthesis. Nevertheless, the increase in basal diameter seen with HET0016 superfusion either before or after ischemia suggests the presence of tonic 20-HETE synthesis under the conditions of this experiment. This postulated basal level of 20-HETE does not appear to be responsible for the decreased Ach reactivity after ischemia in the hypoestrogen state.
We found that postischemic superfusion of HET0016 blunted estrogen's protective effect on Ach-evoked pial artery dilation in naïve and E1 rats. Estrogen may enhance eNOS thus augmenting NO synthesis. Because higher 20-HETE levels subsequent to increased CYP4A expression attenuate arterial responsiveness to Ach as a consequence of reduced NO availability [13, 36, 37] , we expected that inhibiting 20-HETE synthesis might fully restore the Ach response rather than blunt it further. We have no simple explanation for this unexpected finding although it should be noted that a time control group was not performed with a second postischemic exposure to Ach in the absence of HET0016 to exclude a possible detrimental effect of additional reperfusion duration or repeated Ach exposure. Nevertheless, the vessels did remain responsive to papaverine. Recent reports suggest 20-HETE may have counter regulatory actions in the cerebrovasculature since 20-HETE or its conversion product 20-COOH-AA relaxes mouse basilar artery via a cyclooxygenase-dependent processes [38] . This counter regulatory effect may be important in the postischemic cerebral vasculature and estrogen may potentiate the effect.
In conclusion, the vasomotor dysfunction that ordinarily occurs after ischemic brain injury can be mitigated by early estrogen replacement, but estrogen repletion after a period of protracted hypoestrogenicity fails to have the same protective effect. The differences in the postischemic response to Ach-evoked pial artery dilation does not appear to be a function of hormone-induced changes in microvascular ERα density since we could detect no differences among the estrogen-depleted and the estrogen-treated groups. Moreover, it is unlikely that 20-HETE synthesis contributes to pial arteriolar dilatory dysfunction during early reperfusion after cerebral ischemic injury in hypoestrogen states.
Abnormally low CBF accompanies stroke and cardiac arrest, with subsequent damage to the function of the neurovascular unit. It is conceivable that persistently depressed cerebrovascular responsiveness might compound tissue injury. Relatively little is known about the effects of estrogen on postischemic cerebral vasomotor dynamics after ischemic injury. Emerging hypotheses suggest that the timing after menopause at which hormone replacement is initiated might be important and might modulate the potential benefits of estrogen on brain rescue once a cerebral ischemic event occurs. Our current studies along with others support the concept that the timing of estrogen therapy may be critical to augment estrogen's protective effect on the brain microvasculature after cerebral ischemic injury by partially preserving pial arteriolar dilatory capacity.
